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We distill reservoir host pathogen dynamics into three variables*:

ρa(�x, τ) = the density of reservoir hosts at location �x at time τ

i(�x, τ) = the prevalence of infection among reservoir hosts at location �x at time τ

u(�x, τ) = the average intensity of infection in an infected host at location �x at time τ**

Different expressions describe the exposure dose that results from three modes of pathogen release from the reservoir host: direct or environ-

mental transmission when the pathogen is excreted by the reservoir host, food-borne or environmental transmission when the pathogen is

released by slaughter of the reservoir host, and indirect transmission via an arthropod vector.

Excretion Slaughter Vector-borne***

s(u, τ) = rate at which pathogen is shed from

a reservoir host with infection intensity u at

time τ

h(ρa(�x, τ), �x, τ) = rate at which reservoir

hosts are harvested at location �x at time τ

(may depend on abundances of other species)

ba(ρa(�x, τ), ρh(�x, τ))ρv(�x, τ) = total rate at

which uninfected vectors bite reservoir hosts

at location �x at time τ (ba is per-vector biting

rate on reservoir, and may depend on

abundances of other species, including of

humans, ρh; ρv is vector density)

ca(u) = probability that vector becomes

infected when biting host that has infection

intensity u
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We represent the duration of pathogen survival outside the reservoir hosts and the spatial extent of pathogen dispersal via passive transport

with the following expressions.

f(t− τ) = probability that pathogen shed at

time τ is infectious at time t

f(t − τ) = probability that meat harvested

at time τ is infectious at time t

f(t−τ) = probability that vector infected at

time τ is alive and infectious at time t

(encompasses latent period, infectious

period, and vector competence)

g(�y−�x) = probability that pathogen shed at

location �x disperses and causes infection at

location �y

g(�y − �x) = probability that meat harvested

at location �x will be transported and

prepared or consumed at location �y

g(�y − �x) = probability that vector infected

at location �x at time τ will be at location �y

at time t

The extent of pathogen survival in the environment or in a vector, pathogen reproduction, and dispersal outside of the reservoir host

interact with preceding factors to determine the pathogen pressure. The exposure dose at a given location and time (denoted D(�y, t))

depends on all pre-exposure factors, mediated by human risk behavior and environmental factors (Fig. 1).

v(p) = dose to which a human is exposed,

given pathogen pressure p in the environment

a1 = dose exposure coefficient associated

with harvesting or killing reservoir hosts

a2 = dose exposure coefficient associated

with butchering or preparing reservoir hosts

a3 = dose exposure coefficient associated

with consuming reservoir hosts

bh(ρa(�y, t), ρh(�y, t)) = per-vector rate of

biting humans at location �y and time t (may

depend on abundances of other species)

dh(t−τ) = dose to which a human is exposed

when bitten by an infectious vector at time t

D(�y, t)

=
∫ +∞
−∞

∫∞
0

v(ρa(�x, τ)i(�x, τ)u(�x, τ)s(u, τ)

f(t− τ)g(�y − �x))dτd�x

D(�y, t)

=
∫ +∞
−∞

∫∞
0

h(ρa, �x, τ)i(�x, τ)u(�x, τ)

[a1 + f(t− τ)g(�y − �x)(a2 + a3)]dτd�x

D(�y, t)

=
∫ +∞
−∞

∫∞
0

ρv(�x, τ)ba(ρa(�x, τ),ρh(�x, τ))i(�x, τ)

ca(u(�x, τ))f(t− τ)g(�y − �x)bh(ρa(�y, t),

ρh(�y, t))dh(t− τ)dτd�x
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To represent the final stage of the spillover process, and hence to complete this mathematical representation of zoonotic spillover, we

use the dose-response relation (Fig. 2C) to convert the exposure dose D(
⇀
y , t) at a time t and location y into the probability density of a

spillover host present at that same location and time acquiring a new infection. The dose acquired by a spillover host in a given time interval

can be estimated by an appropriate integral of this probability density over time and space.

This mathematical representation is intended to illustrate potential relations among variables in our spillover model. Many possible com-

plexities have been omitted for clarity of presentation. Some functions described here ultimately will have little to no effect on likelihood of

spillover. For example, if a pathogen cannot survive outside the host, the temporal and spatial kernels [f(t− τ) and g(
⇀
y −⇀

x)] will reduce to

delta functions.

Footnotes:

* Location and time represent the environmental context of the processes described. Values of all variables and parameters may depend on

context and vary in space and time, affected by a range of temporally and spatially varying covariates.

** For simplicity, we represent infection intensity (u) as a mean. In reality, infection intensity varies among hosts. If other functions, such as

shedding rate [s(u)] and vector infection rate [c(u)] are nonlinear, then the mathematical model will need to integrate over the variation

in u.

*** This encompasses elements often summarized by the vectorial capacity expression1.
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